It has been known for over a century that psychophysical response curves (perception of a physical stimulus as a function of stimulus intensity) have a large dynamic range: several decades of stimulus intensity can be discriminated before saturation ensues. This is in stark contrast with response curves of sensory neurons, whose dynamic range is small, usually spanning only one or two decades. We argue that this (apparent) paradox can be solved through a collective phenomenon. By coupling (through chemical or electrical synapses) many excitable elements (each of which with small dynamic range), we show that the collective response has a large dynamic range, owing to the propagation of excitable waves. Varying the intensity of the coupling, we show that the dynamic range is maximum precisely at the critical point, where the system undergoes a phase transition to self-sustained activity. We discuss experimental data that suggest how this mechanism could be operating in the retina, the olfactory bulb and the cortex, providing a microscopic basis for macroscopic psychophysics laws.
